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SUMMARY 

Total-pressure  surveys were made in   t he   s l i p s t r eams  of  two f u l l -  
scale  three-blade  supersonic  propellers  in  the  Langley  16-foot  transonic 
tunnel  a t  Mach numbers  up t o  1.04 t o  determine  the  effects of camber on 
supersonic-propel ler   character is t ics .  The  two propel lers  were similar 
except  that  one of  them  had  symmetrical  blade  sections  and  the  other  had 
cambered blade  sections  and a s l i g h t l y   d i f f e r e n t   p i t c h   d i s t r i b u t i o n .  
In tegra ted   th rus t   coef f ic ien ts  were i n  good agreement  with the   fo rce  
data.  Because of l i m i t a t i o n s   i n  dynamometer rotational  speed  the  inves- 
t igation  did  not  extend t o  the  design  speed of the  propel lers .  

Over the  complete  range of t h e   t e s t s   t h e  cambered propel ler  main- 
ta ined  the  higher   thrust  and eff ic iency.  The react ions of the   p rope l le r  
blade  sections  to  compressibil i ty,   such as a l i f t  increase  with  increase 
i n  Mach number and the  force  break, were qua l i t a t ive ly  similar t o   t h o s e  
of two-dimensional a i r f o i l   d a t a .  

INTRODUCTION 

I n   t h e   i n i t i a l   s t a g e s  of supersonic-propeller  development,  the  pro- 
pel ler   design w a s  based on calculations  using  two-dimensional  airfoil  
data.  These calculat ions showed t h a t  a reduction  in  blade camber as 
wel l  as b lade-sec t ion   th ickness   resu l ted   in   an   increase   in   p rope l le r  
eff ic iency,   the  optimum efficiency  being  obtained  with  zero camber and 
zero  thickness. A supersonic  propeller  designed  during  this  period was 
invest igated and reported  in   references 1 and 2. It w a s  a three-blade, 
9.75-foot-diameter  propeller of Curtiss-Wright  design number 109622 
embodying t h i n   a i r f o i l   s e c t i o n s  (6  percent a t  spinner, 2 percent a t  t i p )  
of zero camber. 
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Propel le rs   us ing   such   th in   a i r fo i l   sec t ions   charac te r i s t ica l ly  suf- 
fe r  from f l u t t e r   s e n s i t i v i t y ,   e s p e c i a l l y  when operating a t  conditions of 
take-off and  climb. Certain  propel ler  tests such as those  reported  in  
reference 3 ind ica ted   tha t   the   in t roduct ion  of camber in to   p rope l le r  
blade  design would  improve f l u t t e r   c h a r a c t e r i s t i c s .  However, t h e  effects 
of camber on t h e  aerodynamic charac te r i s t ics  of propel le rs   opera t ing   in  
the  transonic  regime was unknown. 

Another  propeller of Curtiss-Wright  design number 109626 was there-  
fore   des igned   ident ica l   to   the  109622 except  that  camber w a s  incorporated 
in   t he   b l ades  and  except f o r  a slight change in   p i t ch   d i s t r ibu t ion .  The 
opportunity  presented i tself  fo r   i nves t iga t ing   t he   e f f ec t s  of camber on 
the  aerodynamic cha rac t e r i s t i c s  of a supersonic  propeller  by  testing  the 
Curtiss-Wright 109626 propel ler  and  comparing resul ts   wi th  those of t h e  
Curtiss-Wright  109622  propeller. 

With t h i s   i n  view the  present   invest igat ion was i n i t i a t e d   i n  which 
the  Curtiss-Wright 109626 propel ler  was t e s t ed  a t  comparable  operating 
conditions t o   t h a t  of the   o r ig ina l   inves t iga t ion  of the  Curtiss-Wright 
109622 propeller.  Because of improvement i n  tes t  equipment of the  present 
inves t iga t ion   the  Mach number range was extended  from 0.96 up t o  1.04. 
Wake survey  data were obtained as in   the   p rev ious   inves t iga t ion   for   de te r -  
mining the  blade-loading  characterist ics,   checking  the  force  data (ref. 4) ,  
and in   general   adding  to   the  thoroughness  of the   inves t iga t ion .  

The purpose of t h i s  paper is t o  present  the wake-survey data  of t h e  
Curtiss-Wright 109626 propel ler  and some comparisons  with  the Curtiss- 
Wright  109622 propel ler  which may a i d   i n   i s o l a t i n g  and ident i fying  the 
e f f ec t s  of camber on t h e  aerodynamic cha rac t e r i s t i c s  of a supersonic 
propeller.  This  investigation  covered a range of blade  angles at t h e  
0.75 radial s t a t i o n  of 46.8' t o  64.4' i n  approximately 5' increments  and 
a Mach  number range  from 0.60 t o  1.04. 

SYMBOLS 

B 

b 

CT 

number of blades 

blade  chord, f t  

t h rus t  coef f ic ien t ,  T 
pn2D4 

C 
i d  

sect ion l i f t  coeff ic ient  

section  design l i f t  coeff ic ient  
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sec t ion   th rus t   coef f ic ien t  

D propeller  diameter, f t  

h blade-section  thickness, f t  

J advance r a t i o ,  - v 
nD 

M tunnel  airstream Mach number 

2 
Mx he l i ca l   s ec t ion  Mach number, M i l .  + ( y )  
n propeller  rotational  speed,  rps 

f apt f time  average of stagnation-pressure r ise through  the  propeller 

R propel ler- t ip   radius ,  f t  

r radius  to  blade  element,  f t  

T t h rus t ,  l b  

v tunnel   a i rs t ream  veloci ty ,   f t /sec 

X 

cLa 

n”,. 

P 

’0.73R 

fv 

P 

P t  

f rac t iona l   rad ius   to   p rope l le r   b lade   sec t ion ,  r/R , 

absolute  angle of a t tack  (measured  from  zero l i f t   l i n e ) ,  deg 

difference  in  absolute  angle of a t tack  between  109622 

propeller  blade  angle, deg 

blade-angle  setting a t  0.75 rad ia l   s t a t ion ,  deg 

difference  in  blade  angle between 109622 and  109626 blades, 

’109626 - b09622’ deg 

mass density of air, slugs/cu f t  

stagnation  density,  slugs/cu f t  
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APPARATUS 

Propel ler  Dynamometer 

The 6,000-horsepower propel ler  dynamometer as descr ibed   in   re fe r -  
ence 5 and shown i n  figures 1 and 2 was mounted i n   t h e  tes t  sect ion of 
t he  Langley  16-foot  transonic tunnel. The test configuration was similar 
t o   t h a t  of t he   o r ig ina l  tests ( r e f s .  1 and 2)  except  for minor modif ica- 
t i ons .  The p r inc ipa l  changes (see ref. 4 )  consisted of the   re loca t ion  
of the   p rope l le r  3 feet  forward of the  former axial locat ion and the  
addi t ion of a f a i r i n g  between t h e  two dynamometer support   s t ruts .  These 
modifications  permitted  an  increase  in free-stream tes t  Mach number from 
0.96 t o  1.04. 

Propellers 

The three-blade, 9.75-f oot-diameter  propeller  designated as t h e  
Curtiss-Wright  design number 109626 i s  shown i n  figure 1 and described 
in   re fe rence  4. Blade-form  curves are given i n  figure 3 .  The blades 
were of so l id  s teel  and  designed  for a four-blade,  10-foot-diameter  pro- 
peller  configuration  with  peak  efficiency at 35,000-foot a l t i t ude ,  
2,600 rpm,  a Mach number of 0.95,  and  an  advance r a t i o  of  2.2. 

The Curtiss-Wright 109622 propel ler  as descr ibed  in   reference 1 
w a s  a lso  used  in   this   invest igat ion,   being similar t o   t h e  Curtiss- 
Wright  109626 except  for  blade-section camber and a s l igh t   d i f fe rence  
i n   p i t c h   d i s t r i b u t i o n  as described  in  reference 4. Hereafter i n   t h i s  
paper  the two prope4lers w i l l  be designated  by  their   design numbers only. 

Wake-Survey Rakes 

The two rakes  used in   th i s   inves t iga t ion   incorpora ted   s ta t ic -  and 
total-pressure  tubes  with  radial   posi t ions from x = 0.324 t o  1.406. 
Figure 4 gives   the details of the  rakes  and figure 1 shows the  rakes  
i n s t a l l e d   i n   t h e   t u n n e l   t e s t   s e c t i o n .  

A s  explained  in  reference 2 the  ideal   angular   locat ion of the  rakes  
i s  180' apar t ;   the   reason   for   the   loca t ion  shown (43' apa r t )  was t o   l e s s e n  
t h e  1-P vibra tory   s t resses   in   the   p rope l le r  blades produced by a s l igh t  
angular i ty   in   the   a i r s t ream.  

The rake   o r i f ices  were located 51 inches (0.44 propeller  diameters) 
behind  the  propeller  plane of rotat ion.  



TESTS 

During most of t h e   t e s t s  the tunnel  Mach number was held a t  a con- 
s tant   value  while   the  rotat ional   speed was varied from t h a t  of approxi- 
mately  zero power input up t o   t h a t  of t he  upper power limit of t h e  
dynamometer except where the   ro t a t iona l  speed was l imited t o  lower values 
because of p rope l l e r   f l u t t e r .  The blade  angle a t  the  0.75 r a d i a l   s t a t i o n  
w a s  varied from 46.8O t o  65.4’ i n  approximately 5’ increments  and the  
free-stream Mach number from 0.60 t o  1.04. The t e s t  Mach numbers and t h e  
average  nominal  blade  angles where possible were made ident ical   wi th   those 
of the   o r ig ina l   inves t iga t ion  of references 1 and 2 so  t h a t  comparisons 
could  be made between the  cambered and uncambered propel lers  at t h e  same 
advance r a t io s .  It may be noted   tha t   th i s   g ives   g rea t ly   d i f fe ren t  power 
absorpt ions  for   the two propellers  because of the  differences  in   absolute  
angle of a t t ack  of the  blade  sections.  Data were also  obtained  for  com- 
parisons a t  conditions of peak eff ic iency.  

Severa l   t es t s  were made a t  a constant Mach  number  of 0.13 with  blade 
angles at t h e  0.75 rad ia l   s ta t ion   vary ing  from 16.4O t o  -13.0’ in  approxi- 
mately 5 O  increments. 

In   o rder   to   ex tend   the  Mach number range  covered in   the   p rev ious  
invest igat ion of t he  109622 uncambered propel ler  as repor ted   in   re fe r -  
ences 1 and 2, several  tes ts  were made wi th   t h i s   p rope l l e r  a t  the  higher  
Mach numbers from 0.96 t o  1.04. 

REDUCTION OF DATA 

m e  method used f o r  computing the   sec t ion   th rus t  and sect ion lift 
coeff ic ients  from rake  data i s  presented  in  reference 6, wherein  the  fol-  
lowing  equations  for  the  blade-section  thrust  and l i f t  coef f ic ien ts  are 
derived : 

where fApti i s  obtained  direct ly  from total-pressure measurements. 



A s  i n   r e f e rence  2, the  curves of sect ion thrust and sec t ion  l i f t  
coeff ic ients   represent   the  averages of the  curves  for  each  rake.  The 
e f f ec t  of ro t a t ion  of the  s l ipstream w a s  neglected i n   t h e s e   r e s u l t s  
because  calculations showed t h a t   i n   t h e  most extreme cases   th i s   cor rec-  
t i o n  would be less than  1 percent. 

RESULTS AND DISCUSSION 

Integrated Thrust Coefficients of Curtiss-Wright 

109626 Propel ler  

I n   f i g u r e s  5 and 6 is  shown a comparison  of t h e   r e s u l t s  of t he  wake- 
survey  data  with  those of the   force  data. The force-data  points  are 
indicated by c i r c l e s  and wake survey  by  squares. The l ines   represent  
faired  force-data  curves as presented  in  reference 4. 

Although some minor  changes  had  been made t o   t h e  test  apparatus 
s ince  the  invest igat ion of the  so9622 propel ler  as presented   in   re fe r -  
ences 1 and 2, t h e   r e s u l t s  of the  present   invest igat ion are similar t o  
those of the  former. A s  discussed  in   reference 2, the  probable  reason 
f o r  most of the   d i screpancy   tha t   ex is t s  between t h e  wake survey and 
force  data i s  tha t   t he   r akes  were not   ideal ly   located  with  respect   to  
the  sl ipstream. 

Originally  the  rakes had  been located 135' apart  and  under these 
conditions  the wake survey data had been in   exce l l en t  agreement  with t h e  
force data (ref.  2) .  With the   rakes   in   the   o r ig ina l   pos i t ion ,  however, 
there   ex is ted   an   angular i ty   in   the   tunnel  a i r  flow of such  magnitude t h a t  
p rope l l e r   t e s t s  were l imited  to   f ree-s t ream Mach numbers of 0.60 and 
below. (This   l imitat ion w a s  due t o  excess ive   s t resses   in   the   p rope l le r  
blades due t o  1-P vibrat ions produced  by angular i ty   in   the   a i r s t ream.  ) 
The rakes were therefore   re located  in   such a way t h a t   t h e  f l o w  angular i ty  
was reduced. I n   t h e   f i n a l   p o s i t i o n  of the  rakes  (45' apa r t )  as used i n  
the  present  investigation,  the  propellers  could be t e s t e d   t o  a Mach  num- 
ber of 1.04, and t h e  agreement  between wake-survey  and force  data  was 
satisfactory,   al though  not as good as when the  rakes  were 135' apart ,  as 
discussed  in  reference 2. 

It may be  noted  that  over  the whole Mach number range,  almost  with- 
out  exception,  the  agreement was b e t t e r   f o r   t h e  lower  blade  angles  than 
f o r  the  higher blade angles. The differences between the   force  and wake- 
survey data showed no consistent  variation  with Mach number f o r   e i t h e r  
propel ler .  



Thrust Loading at Constant Advance Ratios 

Figure 7 shows the  thrust   loading  dis t r ibut ions  a long  the 109626 pro- 
pe l le r   b lade   for  advance r a t i o s  from 2.24 t o  4.30, f o r  Mach numbers from 
0.60 t o  1.04,  and for   blade  angles  a t  the  0.75 r a d i a l   s t a t i o n  from 46.8O 
t o  64.4'. The  Mach  number range was l i m i t e d   t o  0.60 and  0.70 for   blade 
angles of 46.8O and 52,2' by  the maximum propeller  rotational  speed. A t  
t h e  lower  values of advance r a t i o   t h e   t h r u s t  peaks  occurred in   gene ra l  
near   the  blade  s ta t ion x = 0.9. The peaks  appear t o   sh i f t   i nboa rd  
s l igh t ly   wi th   increase   in  advance r a t i o  Unti l  at J = 4.30 the  peaks 
are near x = 0.80 t o  0.85. The reason f o r  t h i s   s h i f t  i s  t h e   r e l a t i v e  
increase  in   loading of the  inboard  sections as compared with  outboard 
sections as advance r a t i o  i s  increased, as explained in   re fe rence  7, 
f igure  29. 

Figure 8 i s  a cross   plot  of the   da ta  of f igure 7 t o  i l l u s t r a t e   t h e  
e f f ec t  of Mach number  on the  thrust   loading of the  propeller  blade a t  a 
representat ive  s ta t ion  (x  = 0.70) for   severa l   va lues  of advance r a t i o .  
A s  t he  Mach number increases from 0.60 t o  0.80 or  0.85 the   sec t ion   th rus t  
increases,  then  from  there up t o  a Mach number of 1.00 there  i s  a sharp 
decrease  in   sect ion ct followed  by a r i s e  beyond Mach number 1.00. 
These curves  follow  the familiar pa t te rn  of a i r f o i l  l i f t  plot ted  against  
Mach number a t  constant  angle of a t t ack  which indicates  that  compressi- 
b i l i t y  phenomena f o r  a propeller  blade  section i s  similar i n   g e n e r a l   t o  
that   associated  with  two-dimensional   a i r foi l   character is t ics .  

Thrust Loading a t  Advance Rat ios   for  Maximum Efficiency 

The thrust   loading  var ia t ion  with Mach number a t  a high  blade  angle 
and a t  advance ratios f o r  maximum eff ic iency i s  shown i n   f i g u r e  9 f o r  
t h e  109626 propeller.  The data were  from the  same t e s t s  as f o r  figure 7(d) 
f o r  purposes of comparison. 

Comparing f igure  7(d) with  f igure 9, it may be  observed t h a t   t h e  
large  spread  in   integrated  thrust   ,coeff ic ients   ( f ig .  7 ( d ) )  with  varia- 
t i o n   i n  Mach  number w a s  due to   t he   f ac t   t ha t   t he   h ighe r  Mach number 
curves were for   an  advance ra t io   g rea te r   than   tha t  f o r  maximum e f f ic iency  

1 and the  lower Mach  number curves were f o r  an  advance r a t i o  less than   tha t  
d f o r  maximum eff ic iency.  The spread i s  not  nearly so  great  when the  pro- 

p e l l e r  i s  operating a t  advance r a t i o s   f o r  maximum ef f ic iency   ( f ig .  9) .  

Referring t o   f i g u r e  9, it may be  seen  that as the  Mach number i s  
increased from  0.60 t o  0.80 the   sec t ion   th rus t   coef f ic ien t   increases  
over  the whole blade  but  that   the  increase i s  greater   for   the  outboard 
than f o r  the  inboard  sections. From  Mach  number 0.80 t o  0.89 the  out-  
board  sections  remain  practically  the same but  the  inboard  sections show 
a decrease i n   t h r u s t .  Then at Mach numbers 1.00 and  1.03  there i s  an 
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overa l l   d rop   in  thrust, the  larger  decrease  occurring  for  the  inboard 
sect ions.   This   indicates   that   compressibi l i ty   effects  are g rea t e r   fo r  
the  inboard  sections  than  for  the  outboard  sections.   This  effect  i s  
due t o   t h e   g r e a t e r   t h i c k n e s s   r a t i o  and grea te r  camber of the  inboard 
sect ions  re la t ive  to   the  outboard  sect ions.   Figure 10 of reference 2 
shows t h i s   e f f e c t  i s  less pronounced for  the  propeller  with  symmetrical 
blade  sections.  

L i f t  Dis t r ibut ion at Advance Rat ios   for  Maximum Efficiency 

Figure 10 shows the   s ec t ion   l i f t - coe f f i c i en t   d i s t r ibu t ion  on t h e  
propeller  blade  from  spinner t o   t i p  a t  advance r a t i o s   f o r  maximum eff i- 
ciency f o r  a blade  angle at t h e  0.73 radial s t a t i o n  of 61.6' and f or 
Mach numbers from 0.60 t o  1.03. The data presented i n   t h i s  figure a re  
f o r   t h e  same runs and points  as fo r   f i gu re  9 t o   i l l u s t r a t e   t h e   r e l a t i o n -  
ship between sec t ion   th rus t  and l i f t  coeff ic ients .  

A t  a Mach number of 0.60 the   va r i a t ion  of sect ion lift coefficient 
i s  almost l i n e a r  from  spinner to   t ip ,   the   inboard   sec t ions   having   the  
higher  values. For Mach number 0.80 the   pa t t e rn  i s  almost  the same but 
the   va lues   a re   g rea te r   in  magnitude. A t  a Mach number of 0.89 compressi- 
b i l i t y   l o s s e s  make t h e i r  appearance as i n  figure 8. A t  Mach numbers of 
1.00 and 1.03 compressibil i ty  losses  are  very  apparent,  as i n   f i g u r e  8. 
The par t icu lar   cont r ibu t ion  of figure 10 i s  the  insight   given  into  the 
e f f ec t  of compressibil i ty upon the   sec t ion  l i f t  d i s t r ibu t ion .  It may be 
seen   tha t   the  l i f t  i s  decreased more in   t he   cen t r a l   po r t ions  of the  blade 
than  for   the  inboard or outboard  sections,  forming a saddle. 

Thrust  Distributions  for  Negative  Blade  Angles 

Figure 11 was inc luded   in   th i s   paper   to   g ive   an   ind ica t ion  of t h e  
thrust   d is t r ibut ion  over   the  propel ler   b lade  while   the  propel ler  i s  
being  used as a brake. The 109626 propel ler  was operating at 650 rpm, 
a blade  angle of -13.6' at t h e  0.75 r ad ia l   s t a t ion ,  and a Mach number 
of 0 .l3. The large  magnitade of the  negat ive  thrust   coeff ic ient   indi-  
cates   the  effect iveness  of the   p rope l le r  when used as a brake. 

It may be observed  that   the  sl ipstream, as reg is te red  on the  rake,  
i s  23 percent  larger  in  diameter  than  the  propeller.  This would indicate  
that   the   s l ipstream  has  expanded 2.5 percent i n   t h e  0.44 propeller-diameter 
distance between propel ler  and rake. 
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Thrust Loading  Comparisons Between the  Cambered and 

Uncambered Propellers a t  Constant Advance R a t i o  

In   f igure  12  are   presented some d i r ec t  comparisons  between the  sec-  
t ion  thrust   loading  dis t r ibut ions of t he  109622 (uncambered)  and the  
109626 (cambered) propel lers   a t   the   constant  advance r a t i o  of 3.90. 
Data f o r  t h e  uncambered p rope l l e r   ( f i g s .   l 2 (a )  and 1 2 ( b ) )  are from re fe r -  
ence 2. 

The d i f f e rences   i n   f a i r ing  between the  curves of reference 2 and 
this   invest igat ion  near   the  spinner  and near   the   t ips   requi re  some expla- 
nat ion.   In   the  invest igat ion of reference 2 the  total-pressure  probes 
were located 4 inches  apar t   but   in   the  present   invest igat ion were located 
1.33 inches  apart. A l s o  there  were two probes  nearer   the  spinner   in   the 
present  investigation.  In  the  former  the  curves were f a i r e d   t o   t h e  
spinner  because  the inmost probes were outs ide  the boundary layer  and 
gave no indicat ion of the  extent  or character of t h e  boundary layer .  
The additional  probes,   in  the  present  investigation,  extended  into  the 
boundary layer  and furnished  the  information  required to   def ine   the   curve  
more accurately.   Also  in  the  investigation of reference 2 the  rake was 
located 17 inches  behind  the  propeller  plane of ro ta t ion ,  whereas i n   t h e  
present  investigation  the  rake w a s  located 51 inches  behind  the  propeller. 
For  the  present  investigation  the  sl ipstream had more time and distance 
a f t e r   l eav ing   t he   p rope l l e r   i n  which t o  a l ter  i t s  shape  and d i s t r i b u t i o n  
before  reaching  the  probes.  This and the  closer  spacing of probes i n  
the  present   invest igat ion,  which  gave be t te r   def in i t ion ,   expla in  why the  
boundary of the  sl ipstream, as reg is te red  a t  the  rake,  did  not  always 
coincide  with  the  propel ler- t ip   radial   s ta t ion.  

Another factor  should  be  pointed  out i n  comparing the   th rus t   loading  
curves shown i n   f i g u r e  12. Due consideration must be  given t o   t h e   d i f -  
fe rence   in   p i tch   d i s t r ibu t ion  and blade-angle  sett ing when making d i r ec t  
comparisons of the  thrust   loading  curves of t h e  109622  and  109626 pro- 
pe l l e r s .   I n   f i gu re  13 i s  shown the  sect ion  pi tch  dis t r ibut ion  a long  the 
blades of t h e  109626 (cambered)  and the  109622 (membered)   propel lers  
w i t h  the  blade  angles a t  the  0.75 r a d i a l   s t a t i o n   s e t  1.4' apa r t ,   t he  
cambered blade  having  the  greater  pitch. The 1.4' p i t c h   d i f f e r e n t i a l  
w a s  chosen &s t y p i c a l  of those  used i n   t h e  two investigations,   al though 
1.6O d i f f e r e n t i a l  w a s  often  used. From t h i s  it may be  seen  that   the  
cambered propel ler  had the   g rea te r   p i tch   near   the   t ip  and less at t h e  
inboard  sections  than  the uncambered propel ler   (see Ap, f i g .  1 3 ) .  The 
sect ion  absolute   angle-of-at tack  different ia l  between t h e  cambered  and 
uncambered blades i s  shown as ha i n   f i g u r e  13.  This shows t h e  cam- 
bered  propel ler   to  have the  greater   sect ion  absolute   angle  of a t t a c k  
(from  about 1.0' a t  x = 0.423 t o  about 3.2' at  x = 0.85).  The f a c t  
that   the   absolute   angle-of-at tack  different ia l  was grea te r  at t h e   t i p  
than  inboard  probably  explains why the  peak  section-thrust-coefficient 

" 
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values i n  figure 12 occur   nearer   the   t ip  for t h e  cambered than   fo r   t he  
uncambered propel ler .  Also the   l a rge r   i n t eg ra t ed   t h rus t   coe f f i c i en t s  
of t h e  cambered propel ler  when compared t o   t h e  uncambered propel ler  a t  
equal  advance r a t i o s  may be  explained  by  the  fact   that   the  section  abso- 
lu te   angles  of a t t a c k   f o r   t h e  cambered propel ler  are greater   over   the 
ent i re   blade.  

Thrust  Loading  Comparisons Between t h e  Cambered and Uncambered 

Propel lers  at Advance Ratios for Maximum Eff ic iencies  

Thrust  loadings of t h e  109626 (cambered)  propeller a t  advance r a t i o s  
f o r  maximum ef f ic iency   a re  compared i n  figure 14 with  those  for   the 
109622  (uncambered) propel ler .  Data were obtained  from  the same t e s t s  
as used i n  figure 12, except   tha t   t es t   po in ts  were  chosen f o r  maximum 
ef f ic iency   ra ther   than   for   cons tan t  advance r a t i o .  The propellers  could 
not  be compared at condi t ions  for  which they  were designed  (advance r a t i o  
of 2.2  and  about 45j0 blade  angle)  because of l i m i t a t i o n s   i n   r o t a t i o n a l  
speed  and  therefore  the  comparisons shown a re  f o r  off-design  conditions 
f o r  both  propellers.  A t  these  off-design  conditions shown i n   f i g u r e  14 
t he   e f f i c i ency  of t h e  cambered propel ler  i s  the  higher   in   every  case 
which would ind ica t e   t ha t  a t  t h i s  Mach number and thrust-coeff ic ient  
range  the cambered propeller  blade  sections had the  higher  values of 
l i f t -drag   ra t io .   Calcu la t ions  i n  reference 4 f o r  o ther   th rus t   coef f i -  
c ien ts  and Mach numbers indicate   that   near   the  design  condi t ions  the 
uncambered propeller  has  about 3 percent   greater   eff ic iency  than  the 
cambered propel ler .  

Figure 14 ind ica tes   c lear ly   the   charac te r i s t ic   d i f fe rences   in   the  
way the   th rus t   coef f ic ien ts   for  maximum ef f ic iency  of t he  cambered and 
uncambered propellers  vary  with Mach number. The magnitude of t h e   t h r u s t  
coe f f i c i en t s   fo r  maximum ef f ic iency  of t he  uncambered propeller  decreases 
s l i g h t l y  from a Mach number of 0.60 t o  0.80 and then   r i s e s   s t ead i ly  from 
a Mach number of 0.80 up t o  1.03. In   contrast ,   those f o r  t h e  cambered 
propel ler   increase  rapidly from a Mach number of 0.60 t o  a peak  between 
0.80 and 0.89 and then  decrease  sharply down t o  1.00, with l i t t l e  change 
from t h e r e   t o  1.03. A t  a Mach number of 0.80, as shown in   f i gu re   14 (b ) ,  
t h e  magnitude of t he   t h rus t   coe f f i c i en t   fo r  maximum ef f ic iency   for   the  
cambered propel ler  i s  about  twice  that f o r  t h e  uncambered propeller,   but 
a t  Mach numbers 1.00 and 1.03 ( f igs .   14(d)  and 14(e) )   the   d i f fe rence  i s  
much less. This would ind ica t e   t ha t   t he   e f f ec t s  of compressibil i ty  are 
greater  f o r  t he  cambered than   for   the  uncambered propel ler .  
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CONCLUSIONS 

A wake-survey invest igat ion of the   th rus t   loadings  on the  blades 
of two full-scale  three-blade  supersonic  propellers w a s  made at Mach 
numbers up t o  1.04 t o  determine  the  effect  of camber on supersonic  pro- 
pe l l e r   cha rac t e r i s t i c s .  Although the  propellers  could  not be t e s t e d  a t  
their   design  condi t ions due to   l imi ta t ions   in   ro ta t iona l   speeds ,   over  
t he  whole range of off-design  conditions of th i s   inves t iga t ion ,   the  cam- 
bered  propeller  maintained  the  higher  efficiency and the   g rea te r   th rus t .  
This   effect  w a s  more pronounced a t  the  subsonic Mach numbers. Thrust 
coefficients  obtained  from  integrated wake-survey data  were i n  good 
agreement with  those  obtained from force   da ta ,   par t icu lar ly  a t  the  lower 
blade  angle s . 

A study of the  thrust   loading  dis t r ibut ions  led  to   the  fol lowing 
conclusions: 

1. The e f f ec t s  of compressibility upon the  blade-section  elements 
in   the   p rope l le r   a re  similar t o   t h e   e f f e c t s  upon two-dimensional a i r f o i l  
Characterist ics.  

3. Losses i n   t h r u s t  due to   compress ib i l i ty  f o r  t he  cambered propel- 
l e r   a r e   g r e a t e r  f o r  the  thick  inboard  than  for   the  thin  outboard  blade 
sections.  This e f f ec t  w a s  l e s s  pronounced for   the   p rope l le r   wi th  sym- 
metrical   blade  sections.  

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley Field,  Va.  , March 6, 1937. 
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Figure 1.- The  6,000-horsepower  propeller  dynamometer  mounted  in  the  Langley  16-foot  transonic 

tunnel  with  propeller  and  wake  survey  rakes  installed. 
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Figure 2.- Dynamometer  and  survey-rake  installation  in  the  test  section 
of the  Langley  16-foot  transonic  tunnel. 
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I Developed plan form 

Figure 3 . -  Blade-form  characteristics of two Curtiss-Wright  supersonic 
propellers (design  nos. 109622 and 109626). 
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F i w e  4.- Sketch of rake  number 1. Rake  number 2 is identical  except 
in dimension A. 



(a) M = 0.60. 

Figure 5.- Comparison of the  variation  of  integrated  thrust  coefficient  and  force  test  thrust 
coefficient  with  advance  ratio. 109626 propeller. 
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(b) M = 0.70. 

Figure 5.- Continued. 



( c )  M = 0.74. 

Figure 5.- Continued. 
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(d) M = 0.80. 

Figure 5.- Continued. 



( e )  M = 0.84. 

Figure 5.- Continued. 
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Figure 5.- Continued. 
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( g )  M = 0.96. 

Figure 5.- Continued. 



(h) M = 1.00. 

Figure 3 .  - Continued. 
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(i) M = 1.02. 

Figure 5.- Continued. 
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Figure 5.- Concluded. 
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coefficient  with advance r a t io .  109622 propeller.  Po. 75R = 60°. 
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(a) '0.75R = 46.8'; J = 2.24. 

Figure 7.- Thrust  loading  variation  with  Mach  number for a constant 
advance  ratio. 109626 propeller.  Ticks  indicate a section  Mach 
number of 1.00. 



(b) = 32.2'; J = 2.75. 

Figure 7.- Continued. 
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( c )  P0.75R = 55.6'; J = 3-10. 

Figure 7.- Continued. - 
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(a) = 61.6O; J = 3.90. 

Figure 7.- Continued. 
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Figure 8.- Variation  of  section  thrust  coefficient  at a typical  radial 
station (x = 0.70) with  free-stream  Mach  number  for  several  values 
of  advance  ratio.  Ticks  indicate a section  Mach  number  of 1.00. 
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f o r  m a x i m  efficiency. 109626 propeller. 
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Figure 10.- Lift  loading  variation with Mach number and advance ratios 
f o r  maximum  efficiency. 109626 propeller. 
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Figure 14.- Thrust  loading  comparison  of 109622 and 109626 propellers 
at  advance  ratios  for maximum efficiency. 
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